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The object of the experiments that are to be described was to gain 
some information concerning the factors which determine the varia- 
tions  that  species  and  individuals  show  towards  certain  forms  of 
intoxication.  The study forms a continuation of some investigations 
previously madewith Mackenzie (1) and later completed by Mackenzie 
and  Leake (2).  In these previous investigations the immunological 
processes involved in the production of  serum disease in  the human 
being were selected as the problem. 
It is well known that the incidence of serum disease following the 
injection of therapeutic  sera increases roughly in proportion  to  the 
amount of serum injected, so that up to a certain point the suscepti- 
bility to serum disease is dependent upon the size of the dose.  Mter 
a dose of approximately 75 to 100 cc. of serum is reached the incidence 
of serum disease remains about stationary at 80 to 90 per cent, and no 
matter how much more serum is administered, a  small proportion of 
individuals always escapes the manifestations of serum sickness. 
Recently, Coca,  Deibert,  and Menger  (3) have shown,  moreover, 
that the North American Indian  is  relatively much  less susceptible 
than the white race, for they state that of twenty-six healthy Indians 
each of whom received 100  cc. of normal horse serum intravenously, 
only twelve, or 46 per  cent, developed symptoms of serum sickness, 
and in most of these instances the disease ran a  short and very mild 
course, averaging only 2 days. 
It was desired in the previous experiments to study the protective 
mechanism possessed by the small group of white patients  that  es, 
caped serum sickness.  These individuals were found to differ from 
the susceptible inasmuch as they did not produce demonstrable anti- 
bodies in the form of precipitins and anaphylacfic antibody, and inas- 
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much as the antigen, or horse serum, remained in the circulation as an 
apparently innocuous substance for periods of weeks or months after 
it was injected.  In the susceptible individuals precipitins were usually 
formed in large amounts, and the antigen disappeared rapidly from the 
circulation with the subsidence of serum disease.  It seemed,  there- 
fore,  that  the  insusceptible  individual  possessed  some  mechanism 
which inhibited the union of antigen with the cells of the body and thus 
prevented the effects which follow the rapid and usual reactions be- 
tween the foreign protein and the tissues of the host.  According to 
Metchnikoff, a  similar  form  of  mechanism  explains  the  insuscepti- 
bility of certain cold blooded animals to diphtheria and tetanus toxin. 
And according to  Coca, Russell,  and Baughman  (4)  the partial im- 
permeability of the cells of the rat to diphtheria toxin explains their 
great resistance to this poison. 
Individual variation to sensitization by foreign proteins is known to 
occur  in  all  laboratory  animals  but  in  the  guinea  pig  or  even  the 
rabbit,  it  is  so  rare  that  experiments  with  these  animals  seemed 
unprofitable. 
The white rat, on the other hand, has generally been considered as 
an animal which could not be made anaphylactic (Doerr  (5)).  It is 
not  possible,  however,  to  find many observations  in  the  literature 
which afford much information on this subject. 
Arthus  (6)  simply states  that he  has observed  anaphylactic phenomena  in 
white rats after repeated  injections of foreign sera.  Rosenau and Anderson  (7) 
mentioned the fact that they had tested the anaphylactic  reaction in  monkeys, 
rabbits, mice, dogs, cats, rats, chickens, and pigeons and stated that they obtained 
positive  results with the dog, rabbit, and cat.  Uhlenhuth, Haendel,  and Steffen- 
hagen (8) reported  that they were unable to produce anaphylactic shock in white 
rats or mice.  These observations  were confirmed by Trommsdorff (9), who failed 
in attempts to sensitize twenty-five white rats and twenty-five mice to egg white 
or to horse  serum.  The  second injection of  these  proteins  was administered 
intravenously after intervals  of 5  days  to  12  weeks.  But the most complete 
study of this subject  has  probably been  made by Novy  and  De  Kruif  (10), 
who, in attempting to sensitize white  rats to horse serum,  beef  serum,  rabbit 
serum, and egg white, found that  the  second  injection  made  intravenously of 
such large amounts of the undiluted antigens as 2 to 4 cc. in these supposedly 
sensitized  rats  did  not  produce  any  symptoms  which  could  definitely  be 
considered as anaphylactic,  and was never fatal.  When,  on  the  other  hand, 
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7 to  10  cc. at  the  second  injection,  violent symptoms occurred and  in  many 
animals were followed by death.  In the normal rat similar amounts of the mix- 
ture of antigen and distilled  water produced little  untoward  effect.  The intox- 
ication brought about in the supposedly ~ensitized  rat, by the second injection 
of diluted antigen, proved, however, to be non-specific, for it could be produced 
quite as readily by the injection of an equal amount of distilled  water without 
antigen.  Novy and  De  Kruif concluded,  therefore, that  though  the  rat  was 
practically insusceptible  to specific anaphylactic shock, the repeated injection of 
a foreign protein, nevertheless,  produced some change which rendered the animal 
highly sensitive to the intravenous injection of distilled  water and gave rise to a 
state which was  conducive  as well to a  much more rapid formation of anaphyl- 
atoxin in the serum of the shed blood than could be obtained with normal rat 
serum.  Novy and De Kruif (11) also studied the effect upon white rats of the 
intravenous injection of anaphylatoxin, agar sol-gel, and peptone.  To all of these 
substances  the rats were much more refractory than guinea  pigs.  Weight for 
weight,  the rat tolerated 100 times as much anaphylatoxin as guinea pigs, three 
times as much agar sol-gel, and about seven times as much 10 per cent peptone 
solution.  For white rats the lethal dose of 10 per cent solution  of Witte's pep- 
tone was 2 gin.  per kilo. 
From these experiments it seems evident that the white rat is both 
highly refractory to anaphylaxis and very resistant  to  the action of 
such toxic substances as anaphylatoxin and peptone. 
EXPERTM'ENTAL. 
In  the  present  investigation  the  following plan  of procedure  was 
adopted:  (1) study of the symptoms produced in white rats by intra- 
venous injection of peptone and histamine;  (2)  attempts to sensitize 
white rats to horse serum; (3) determination of the state of sensitiza- 
tion (a) by intravenous and subdural injection of antigen,  (b) by skin 
reactions, and  (c)  by the uterine strip reaction;  (4)  attempts to sen- 
sitize passively guinea pigs with the serum  of white rats immunized 
to horse serum; and (5) study of the antigen-antibody content of the 
serum of white rats injected with horse serum. 
Symptoms  Produced by  the Intravenous  Injection  of Peptone and 
Histamine. 
In order to obtain some criteria of shock similar to that in anaphyo 
laxis, white rats weighing approximately 100 to 125 gm. were given in- 
travenous injections of solutions of Witte's peptone and of histamine. 630  SENSITIZATION  AND  ANAPHYLACTIC  SHOCK 
1  gin.  of Witte's peptone was  dissolved by heat in  distilled water, 
centrifuged, and the supernatant fluid employed for injection.  The 
histamine was made up in 1 and 2 per cent solution in 0.85  per cent 
NaCI. 
The intravenous injection of 0.1  gin.  of peptone per  100  gin.  of 
body weight caused very severe symptoms.  Immediately after the 
injection the animals went into collapse.  They lay flat upon the table 
with all four legs spread out; the respirations were slow and diHcult. 
Mter 2 to 3 minutes they often made an attempt to stand but failed; 
within 4  or 5 minutes there were sometimes slight convulsive move- 
ments with irregular gasping  respirations;  in  about  10  minutes the 
respirations would become rapid (68 in one animal), while the paral- 
ysis and spasmodic convulsive movements  continued.  One  animal 
recovered after this  dose  at  the end of 2  hours.  A  second animal 
died in 10 minutes. 
The effects following the intravenous injection of histamine were 
quite similar; immediate collapse, gasping respiration, paralysis, con- 
vulsive seizures, fall in temperature, the expulsion of feces and urine, 
and the discharge of fluid from the nose were all prominent features. 
One noteworthy symptom was an extreme and acute exophthalmos. 
In those animals that recovered, the severe symptoms persisted for 
an hour or longer.  Two rats withstood a dose of 10 rag. of histamine 
per 100 gin. of body weight, two animals 15 rag. of histamine per 100 
gin.  of body weight, and one animal died after receiving 30  rag.  of 
histamine per 100 gm. of body weight. 
Attempts  to Sensitize  to Horse Serum. 
A criterion having been established for symptoms which by analogy 
with  other  animals  Should  simulate  anaphylaxis  in  the  white  rat, 
attempts were made to sensitize white rats by repeated injections of 
horse serum given subcutaneously, intraperitoneally, intravenously, or 
subdurally.  Twenty-seven experiments in twenty-three rats weighing 
from 75 to 150 gin. were devised for this purpose.  Thirteen rats were 
given three injections of from 0.1  to 0.5 cc. of horse serum subcutane- 
ously or intraperitoneaUy at 2  to 3  day intervals,  three rats six in- 
jections  of  similar  amounts,  two  rats  a  single  injection  of  0.5  cc. 
intravenously, and five rats three injections subcutaneously or intra- i 
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peritoneally  and  1 month  later  1 cc.  intravenously.  The  test injec- 
tions were made  from  21  to 44 days after  the last  sensitizing  dose. 
These  experiments  are  recorded  in  Tables  I  and  II.  In  seventeen 
experiments  the  injection  of  0.5  to  1  cc.  of  horse  serum  into  the 
femoral vein of these supposedly sensitized rats (Table I) seemed quite 
harmless  and  never  produced  any  symptoms  that  resembled in  the 
least  those  obtained  with  peptone  or  histamine,  much  less  death. 
When injections of from 0.2 to 0.5 cc. of horse serum were made sub- 
durally in six rats, immediate and violent symptoms usually occurred, 
which,  however,  never  proved  fatal,  and  exactly  similar  symptoms 
were obtained in the normal control rats  (Table II). 
From  these  experiments  one  must  conclude  that  anaphylaxis  to 
horse serum cannot be obtained in white rats by a  second injection 
of antigen given intravenously or subdurally. 
Determination  of the State  of Sensitization. 
The  skin  of seventeen white  rats  subjected to repeated injections 
of horse  serum given  subcutaneously,  intraperitoneally,  or  intrave- 
nously was tested for a specific reaction on the 20th  to the 63rd day 
after the last injection of antigen.  The sides of the rat were shaved 
2 or 3 days preceding  the  experiment and an injection  of 0.02 cc. of 
horse serum  diluted  1:10  with 0.85  per  cent NaC1 was made intra- 
cutaneously.  As  controls,  similar  amounts  of rabbit  serum  diluted 
1:10,  or of 0.85  per  cent NaC1,  were given intracutaneously  to  the 
inoculated  rats  and  at  the  same  time  both  horse serum  and rabbit 
serum in similar amounts and dilutions were injected intracutaneously 
into normal rats.  The skin of the rats was observed every 15 minutes 
for a  period of 1 to 2 hours and again at the end of 12, 24, and after 
48 hours.  In no instance was there any evidence of a  skin reaction 
such as may be obtained in the guinea pig, rabbit, or in man, and in no 
instance did the test injection produce an effect which differed from 
that in the controls. 
It  must  be  concluded,  therefore,  that  the  skin  of  the  white  rat 
subjected to repeated injections of horse serum does not differ from 
that  of the normal  rat  in its  reaction  to  subsequent intracutaneous 
injections of horse serum in the amounts utilized. WARFIELD  T.  LONGCOPE  637 
It is  generally assumed that the  reactions of  the  smooth muscle 
of the  sensitized  virgin  guinea  pig  as  employed by  Dale  is  one of 
the  most  delicate  tests  for  sensitization;  and  for  this  reason  six 
virgin white rats averaging 50 to 60 gin. were injected intraperitoneally 
with 0.2, 0.2, 0.5, and 0.5 cc. of horse serum every other day, and after 
intervals of from 38 to 54 days the uteri were removed, suspended in 
250  cc. of oxygenated Locke's solution at 39°C.,  and tested for their 
reaction to horse serum.  As control antigens, rat serum, rabbit serum, 
and sheep serum were employed.  In five control experiments with 
the uteri of normal virgin rats, it was found that horse serum in doses 
of from 1 to 2.5 cc. produced no change in the regular rhythmic uterine 
contraction but sometimes resulted in a very slight general shortening 
of the muscle strip which was made evident by an elevation of the 
line  of  contractions  upon  the  surface of  the  drum.  The  effect of 
histamine in doses of 1 mg. was to produce immediate relaxation of the 
muscle strip with great slowing of the contraction, which often be- 
came irregular. 
The effect of horse serum on the uteri of the inoculated rats in doses 
of 1 cc. did not differ from that produced by horse serum upon the 
uteri of normal rats.  No unusual contractions, such as are seen in the 
guinea pig uterus, were observed, and in no instance was the relaxing 
effect noted with histamine encountered. 
It was  therefore concluded that  the uteri of white rats  receiving 
repeated injections of horse serum did not differ in their reaction to 
horse serum from those of normal rats. 
It seemed possible to conclude, therefore, from these series of ex- 
periments that white rats could not be  made anaphylactic  to  horse 
serum, as tested by several methods.  The next step was to determine 
upon what this refractory condition depended. 
This insusceptibility might be  explained by at  least  one of two 
hypotheses: first, that the tissues  of  the  rat  were  insusceptible  to 
the poisonous effect which follows the reaction presumably of anti- 
body and antigen in the highly sensitized animal when a  second in- 
jection of antigen is administered; or, second, that the tissues of the 
rat were for some reason unable to form an hypothetical anaphylactic 
antibody or were in some way prevented from accomplishing this. 638  SENSITIZATION AND  ANA.PHYLACTIC  SHOCK 
To  answer  the  first  question,  experiments were done to determine 
whether the serum of supposedly immunized  rats contained anaphy- 
lactin  and was capable of transferring  passive anaphylaxis  to guinea 
pigs. 
Attempts  to Sensitize Passively  Guinea  Pigs with the  Serum  of 
White Rats Immunized  to Horse Serum. 
The serum of fourteen white rats,  subjected to repeated intraperi- 
toneal injections of horse  serum,  was injected within  a  few hours of 
bleeding  into  guinea  pigs.  Seven  guinea  pigs  received  from  0.4  to 
0.6 cc. of rat serum intravenously and seven from 0.75 to 1 cc. intra- 
peritoneally.  After an interval  of 23  to  25  hours  these guinea  pigs 
were given 0.5 cc. of horse serum intravenously.  No symptoms which 
could be interpreted as those of anaphylactic shock were observed in 
any instance.  The experiments are summarized in Table III. 
These  experiments  furnish  a  strong  argument,  in  spite  of  the  re- 
sistance of the white rat  to peptone and  histamine,  against  the idea 
that  the  rat  behaves  immunologically  in  the  same  manner  as  the 
guinea pig,  rabbit,  and  dog,  but nevertheless escapes the symptoms 
of anaphylaxis  owing to its resistance to the poisonous effects of the 
shock.  It  was,  consequently,  necessary  to  seek  further  for  an  ex- 
planation of its insusceptibility to anaphylaxis. 
Antigen-Antibody  Content of the  Se~utm o/ White  Rats Injected 
with Horse  Serum. 
Experiments  were  therefore  instituted  to  determine  whether  the 
second hypothesis was correct and to discover if the same protective 
mechanism  towards  sensitization  existed in  the  rat  as has  been  de- 
scribed for the human being.  For this purpose a study of the antigen 
content  of  the  serum  of rats  injected  with  horse  serum  was  made. 
Twenty-one rats were used.  Since the size of the rat prohibited the 
use of a  single rat  for repeated bleedings, it was necessary to use a 
single  rat  for each  experiment.  The  rats,  therefore,  were killed  by 
bleeding from  the  heart  at various  times  after  a  single intravenous 
injection  of approximately  1 cc. of horse serum per  100 gin.  of body 
weight.  By employing the precipitin reaction in the manner described F~ 
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in previous communications--except that all  sera were employed in 
amounts of 0.25  cc.--it could be shown that antigen  (horse serum) 
when injected intravenously did  not  persist  in  the  circulation  but 
disappeared in from 12  to  14 days, a  period which is  approximately 
that required by the rabbit to dispense with a  similar antigen. 
It was thought that the kidney of the rat might be permeable to the 
horse serum and thus allow of its escape from the body, but precipifin 
reactions upon the urine of white rats injected with horse serum failed 
to demonstrate antigen in the urine from the time of injection to  the 
time of the disappearance of the horse serum from the circulation. 
It was necessary, therefore, to search for some other explanation. 
Although it seemed a priori improbable that the white rat which was 
refractory to sensitization would form precipitins, still tests were made 
for specific precipitins in the serum of twenty-eight white rats receiv- 
ing single and repeated injections of horse serum, and it was found that 
these animals were capable of forming such precipitins in fairly high 
concentration.  Precipitins  for horse  serum  could be  demonstrated 
in  the  serum  of  twenty  of  the  twenty-eight rats,  appearing  first 
on the 3rd to the 4th day after the last of a series of inoculations and 
increasing in intensity  up  to  the  6th  or  8th  day,  when they were 
present  with  great  regularity.  After  this  time,  there  was  a  rapid 
decline in positive reactions, for the sera from only two of nine rats 
drawn after the 10th day showed precipitins.  It was also found that 
it was during the high concentration of precipitins in the serum that 
the antigen disappeared from the circulation.  A graphic presentation 
of the precipitinogen-precipitin balance is shown in Text-fig. 1. 
The mechanism of precipitin formation and the relationship between 
precipitin and precipitinogen (horse serum) proved,  therefore, to be 
much the same as it is in the rabbit. 
Thus,  though sensitization to horse serum did not occur, the cells 
of the white rat had apparently an avidity for horse serum which was 
as great as, or even greater than that of the rabbit. 
Though there has been considerable discussion as to the identity of 
the anaphylactic antibody and precipitin, the work of Doerr and Russ 
(12) in rabbits and the subsequent observations of Well (13) have lent 
such strong support to the idea that these two bodies are one and the 
same,  that  most investigators  (Doerr  (5),  Zinsser  (14),  Wells  (15)) WAI~IEI,  D  T. LONGCOPE  641 
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have accepted this  explanation as the correct one.  Doerr in partic- 
ular,  after  a  complete review  of  the  literature,  has  come  to  this 
conclusion.  It  has,  however,  been  generally known  that  the ease 
with which an animal may be sensitized to foreign proteins and the 
readiness with which it forms specific precipitins are not always par- 
aUel.  The guinea pig, for instance, is highly subject to sensitization 
but  is  an  extremely poor precipitin  producer,  whereas  the rabbit, 
which  is  much  more  difficult  to  sensitize, produces  precipitins  in 
large amounts. 
The present experiments seem to  demonstrate that in white rats 
precipitins and anaphylactin are not identical and that good precipitin 
formation can occur without anaphylactic sensitization and without 
the appearance of anaphylactic antibody in the serum of the rat. 
The differences which several species of animals show in  the ease 
with which they may be sensitized to foreign proteins and the readi- 
ness with which they may be subjected to shock by a second injection 
of the same antigen have already been alluded to, and it now seems 
from these experiments that the rat stands at one end of the scale, 
as a completely refractory animal, and probably the guinea pig at the 
other,  as  representing  the  most  highly  susceptible  animal.  This 
refractory condition of the rat does not seem to be due to a resistance 
of specialized tissues to the toxic effect of anaphylactic shock, or to an 
inability  of the tissues  to  absorb  antigen, for on the one hand,  the 
animal may be killed by histamine or peptone in large doses, and on the 
other, the tissues are capable of producing precipitins in considerable 
concentration but not anaphylactin.  The explanation seems rather 
to  be  found in  the fact  that  the preliminary injections  of antigen, 
though capable of calling forth precipitins, fail  to  prepare  the  cells 
of the body in the manner necessary to make them vulnerable  either 
by an antibody-antigen reaction or by some other mechanism to the 
second injection of antigen. 
SUMMARY. 
1.  Attempts to produce anaphylactic shock in white rats by second 
intravenous or subdural injections of horse serum have failed. 
2.  It was impossible to demonstrate either by skin reactions or by 
the uterine reaction that white rats can be sensitized to horse serum. WAI~IELD  T.  LONGCOP:E  643 
3.  It  was not  possible  to  sensitize  guinea  pigs  passively  with  the 
serum  of  white  rats  presumably  immunized  to  horse  serum. 
4.  In spite of the fact that the white rat could not be made anaphy- 
lactic to horse serum,  the tissues of the animal reacted with  the  horse 
serum to form precipitins  in fair concentration  and the antigen disap- 
peared  from  the circulation  soon  after  the  precipitins  reached  their 
greatest concentration in the blood. 
5.  These experiments  would indicate  that in the white rat anaphy- 
laxis and precipitin  formation are independent  and represent  different 
types of immunological  processes. 
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